ABSTRACT: Objectives: Patients undergoing awake craniotomy may experience high levels of stress. Minimizing anxiety benefits patients and surgeons. Music has many therapeutic effects in altering human mood and emotion. Tonality of music as conveyed by composition in major or minor keys can have an impact on patients' emotions and thoughts. Assessing the effects of listening to major and minor key musical pieces on patients undergoing awake craniotiomy could help in the design of interventions to alleviate anxiety, stress and tension. Methods: Twenty-nine patients who were undergoing awake craniotomy were recruited and randomly assigned into two groups: Group 1 subjects listened to major key music and Group 2 listened to minor key compositions. Subjects completed a demographics questionnaire, a pre-and post-operative Beck Anxiety Inventory (BAI) and a semi-structured open-ended interview. Results were analyzed using modified thematic analysis through open and axial coding. Results: Overall, patients enjoyed the music regardless of the key distinctions and stated they benefitted from listening to the music. No adverse reactions to the music were found. Subjects remarked that the music made them feel more at ease and less anxious before, during and after their procedure. Patients preferred either major key or minor key music but not a combination of both. Those who preferred major key pieces said it was on the basis of tonality while the individuals who selected minor key pieces stated that tempo of the music was the primary factor. Conclusion: Overall, listening to music selections was beneficial for the patients. Future work should further investigate the effects of audio interventions in awake surgery through narrative means.
physiological and psychological in nature and have been demonstrated in a number of clinical studies that offered patients a music intervention at some point in their course of treatment. 2, 7, 9, 10, 11, 15, 27 The use of music as a non-pharmacological medium may potentially improve the pre-operative, perioperative and post-operative (recovery) situations of surgical patients without interfering with planned treatment and prescribed medications. 7 Music therapy has been used in the past to help alleviate pre-operative anxiety. 38 In 1914, Evan O'Neill Kane became the first surgeon to play music to patients in the operating room through a phonograph. He believed the music had a " 'calming effect' that helped patients escape the horrors of surgery". 20 Other studies related to music and its ability to attenuate discomfort and enhance relaxation in patients, have been reported in medical specialties such as psychiatry, pediatrics, obstetrics, orthopedics, ophthalmology, and even cardiac surgery. 12, 14, 16, 28 Very few studies have examined the effect of music on brain surgery patients. Although it can be assumed that all surgical patients experience at the least some levels of stress and anxiety near the time of surgery, regardless of the type of surgery they will be undergoing, brain surgery is still considered one of the more complex procedures in medicine and may result in this group of surgical candidates experiencing higher levels of emotional distress than others. 36 Furthermore, of this special subset of patients, many undergo an awake craniotomy. In this procedure patients are provided local anesthesia instead of the usual general anesthetics, resulting in patients that are awake, cognizant of the situation and able to respond to surgeons' requests during their procedures. 36 Awake craniotomy allows neurosurgeons to perform brain mapping to facilitate safe, maximal resection of tumors and epileptogenic foci. 34 Remaining awake during the length of the brain surgery, or even a portion of the surgery, increases patient anxiety levels. Patients may be alarmed and frightened when first informed about needing to undergo an awake cranial surgery. 18 However a previous study by our group demonstrated low degrees of anxiety and high levels of satisfaction. 22 Our present study aims to acquire a better understanding regarding music and its role in helping to ameliorate surgically related stress and optimize overall hospital experience for patients undergoing awake craniotomy.
There are many theories as to why and how music helps relieve surgically related anxiety and stress. One idea is that music enables the body to synchronize its own rhythms with the rhythms of surrounding vibrating bodies. 25 Thus, in essence, an anxious patient with an initially racing heart beat and sweat gland response, when listening to slow music, will experience their heart rate and sweating response mimic the rhythm of the music and thus slow down. Another idea claims that the act of listening to music provided through headphones masks sounds and conversations created by the surgical staff thereby shielding awake patients from listening to things which may not comfort them. 25 In addition, the music may give patients on the table something other than the procedure to concentrate on; in this sense the music would act as a distraction to the noise, conversations, feelings and smells the patient would be experiencing.
While musical intervention is important, it is crucial that the music be appropriately selected for the clinical scenario. Not all forms of music are stress and anxiety relieving. Different genres of music and also the instruments used to create musical pieces affect human mood, emotion and even physiological responses in varying ways. Heavy metal music is not known to induce relaxation and calmness while soft flute tunes have often been noted to stimulate deep relaxation states. 24 Few studies have discussed the benefits of Medical Resonance Therapy Music (MRTMusic) and its underlying concept of "sympathetic resonance" to help individuals in the medical setting. 23 Sympathetic resonance is a phenomenon in which a complex harmonic vibration is created when the natural vibration frequency of a string or vibratory body activates another vibration of a similar harmonic nature. This phenomenon can be demonstrated by the use of string instruments such as the violin, harp, harpsichord, guitar, and piano. 33 When sound signals entering the left and right ears are altered, a 'frequency modulated pulse' arises which causes a neural response. This response has shown a slowing of brainwave activity which can be associated with stress reduction and relaxation among other notable characteristics of this 'brainwave entrainment' phenomenon.
Tonality and various themes of music can evoke different emotions in individuals. 17, 21, 30 Similar to how background music of a wedding scene (typically composed in major keys) in a movie can evoke feelings of happiness in a viewer, music played in major keys may also elicit positive emotions in patients. Conversely, background music of a break-up scene (typically composed in minor keys) can evoke feelings of sadness and so, theoretically, music played in minor keys may induce negative emotions in patients. Besides our primary aim to better understand the overall effect of music on awake craniotomy patients, we also explored the impact of tonal structure (i.e. the influence of key change) in music on patients' mood states.
METHODS

Subjects
Patients were selected from the clinic of the senior author (MB) in the Neurosurgery Division at Toronto Western Hospital. The main inclusion criteria included: (1) the patient was scheduled for an awake craniotomy; and (2) agreement of the patient to provide written informed consent to participate in the study. Patients who were: (1) <18 years of age, (2) suffered from severe hearing impairment, or (3) not sufficiently cognitively intact, were excluded from the study.
Sample Size
Twenty-nine interviews were conducted on eligible and consented patients. This sample size was selected because it was deemed sufficient in attaining data saturation levels. Saturation is a notion in qualitative research that describes the situation in which, at some point, successive interviews will not yield any new concepts or ideas beyond ones that have already arisen. 6 Patients were accrued by convenience sampling during two periods: May through August of 2012 and May through August of 2013.
Study Design
This study was conducted using a prospective qualitative research methodology. Patients who were scheduled to undergo awake craniotomy for brain tumor or epilepsy were interviewed using a semi-structured, open-ended questionnaire and completed a self-administered survey commenting on overall hospital experience and quality of life measures. Patients' perceptions of listening to music during the perioperative period were explored.
Patients who were scheduled for awake craniotomy were enrolled into the study through both verbal and written informed THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES consent. General information regarding their overall hospital stay was given and subjects were informed that they would be fitted with a pair of noise-cancelling headphones which would play a pre-determined selection of instrumental music before, during, and after their surgical procedure should they consent to the study. Upon consent, subjects completed a demographics survey in which information regarding patients' age, profession, likability of music, likability of music during stressful or anxiety-producing situations (if applicable), preferred musical genre and previous musical education was collected. Subjects were informed they would start listening to the music pre-operatively while in the preoperative care unit (POCU) for approximately 20 minutes before being taken into the operating room and that the music would continue to play intra-operatively and post-surgery as well.
Music Selection
Enrolled subjects were randomized into two categories: Group I Music (subjects received music pieces composed in major keys) and Group II Music (subjects received compositions in minor keys). Patients were blinded to the Group I Music and Group II Music group distinction. Randomization was carried out on a rotary method (patients were alternately assigned to one of the two divisions). All musical compositions were instrumental and nonlyrical in nature ( Table 1 ). All pieces were individually reviewed to ensure they met the 'sympathetic resonance' criteria. Subjects were blinded to the type of music they received.
Pre-Operative Technique
Approximately 30 minutes before the scheduled surgery time, subjects completed the Beck Anxiety Inventory (BAI), a 21-question multiple choice self-report inventory measuring subjects' severity of anxiety between 0 (this symptom doesn't bother at all) to 3 (this symptom severely bothers) ( Table 2 ). Upon completion of the BAI, subjects were fitted with the noise-cancelling headphones. Volume of the music and positioning of earpieces to ensure comfort were adjusted to each individual's preference. Subjects were reminded that at any point the music could be turned off and the volume altered upon their request. Subjects were then taken into the operating room and prepped by the nursing staff and anesthesiologist. To ensure proper positioning of the headphones during surgery and prevent earbuds from falling out, the equipment was secured to the ear and scalp with Tega-Derm © .
Peri-operative Technique
Anaesthesia was provided using local infiltration with 2% lidocaine for the insertion of the pins for rigid head fixation and 0.25% bupivacaine with epinephrine for the surgical incision. This was supplemented with sedation consisting of combination of shortacting drugs, such as midazolam, propofol, fentanyl, remifentanil or dexmedetomidine, depending on the anaesthesiologist's preference. All sedation was discontinued before brain mapping to ensure full patient cooperation in stimulation testing. Routine monitoring used on all patients included non-invasive blood pressure, pulse oximetry, and an electrocardiogram. End-tidal CO 2 was monitored and supplemental oxygen was administered via nasal prongs or face mask. None of the patients had Foley catheters or arterial lines and mannitol was not used in any of the patients. The awake craniotomy technique is described in previous publications from our group. 32, 34 During surgery, patients were periodically asked about their comfort regarding the music and the volume level. Adjustments based on patient preference were made. Music was stopped during the intra-operative brain mapping portion of surgeries to prevent interference with dialogue with the surgeon. Once mapping was completed, the music was immediately resumed.
Post-Operative Technique
Following surgery, the Tega-Derm® surrounding the earbuds was removed and the scalp was covered with dressing. The music continued to play for approximately 20 minutes following surgery while subjects waited in the post-anesthesia care unit (PACU). After this time had elapsed, the music was turned off and the headphones were removed.
Follow-Up
During the subjects' follow-up appointment approximately two weeks after surgery, another BAI was administered. The BAI asked subjects to rate the 21 multiple choice questions regarding how they were feeling post-surgery and throughout their recovery process since their procedure ( Table 2 ). Subjects were also administered a 12-item open-ended interview which assessed their thoughts and feelings regarding the music pieces which were played (Table 3) .
Data Collection
All interviews, questionnaires and inventories were conducted in an open-ended, face-to-face style. All subjects were interviewed by a single interviewer, with no clinical relationship to the subject. A semi-structured guide containing questions pertinent to patients' perceptions regarding the music therapy was used (Table 3) . Themes were freely explored as they emerged. All interviews were digitally audio-recorded and transcribed. Demographic parameters including age, marital status, education, and occupation were collected, as well as clinical data such as specific diagnosis and date(s) of surgery.
Data Analysis
Interviews were examined using modified thematic analysis involving open and axial coding. Open coding involves breaking down information into common groupings based on shared ideas, whereas axial coding involves organizing information according to overarching themes. 6 
Research Ethics
Participation was entirely voluntary, and informed consent was obtained from all participants. Both the confidentiality of patients and their freedom to withdraw from the study at any time with no consequence was explained and maintained. The study was approved by the Research Ethics Board of the University Health Network. (Table 5) . Adverse effects weren't associated with the musical intervention. Their responses were analyzed and the resulting data were organized into several themes, presented below.
RESULTS
Demographic information from the 29 interviewed patients is included in
Regarding music at all three points, before, during and after the surgery, some patients preferred not to listen to the music before the surgery Some patients said they did the most amount of thinking about their surgery when they were waiting before the surgery and that this was associated with thoughts and feelings of anxiety, stress and fear. Having the music at this stage was good for some because it prevented them from hearing nearby conversations and over-thinking relatively negative thoughts. Other patients expressed that listening to music before the surgery was sometimes annoying or frustrating as they wanted to speak to their family members and doctors.
Patients liked having music to listen to during the surgery
Patients reflected that the aspects that they feared the most were hearing conversations they didn't want to hear during the 
All pieces were analyzed to ensure they met the 'sympathetic resonance' criteria. Subjects were blinded to the type of music they received.
THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES procedure and feeling pain. These aspects, they felt, would make them become anxious and nervous. Having the music during the procedure prevented them from understanding conversations while on the surgical table which helped the patients calm down. Most patients commented that having the music was most important to them during the surgery itself. The only time patients said they would not have wanted to listen to music during the surgery was when they started to feel impatient; in these situations the music didn't allow them to feel any more relaxed.
After surgery, some patients did not want to listen to the music anymore After the surgery and appropriate dressing had been finished, patients were taken to the PACU where they continued listening to the music. Often patients requested to have the volume of the music turned down or that it be shut off completely, partly because of post-surgical headaches or because the music was not comforting. For these patients the music was not helping them feel any more relaxed and it was causing them frustration. They felt pain and wanted peace and quiet which the music wasn't helping them attain. These subjects stated they would assume that they would have wanted to continue listening to the music if it weren't for the headaches. Patients who did not seem to have major headaches during the recovery period said that the music was helpful in calming them down and allowing them to relax.
Music helped patients by acting as a distraction to the actual surgical procedure and by helping them settle down and feel less anxious
Patients were awake and conscious for at least parts of their surgery, if not for all of it. When given the music, patients reported that it helped them because there was something other than their thoughts and feelings to focus on. Two patients even remarked that they felt nauseated while on the table and that the music helped distract them from the nausea. Patients said the music acted as something else to focus their attention towards.
Most patients also said that listening to the music brought down the anxiety and stress they were feeling. Many said they were feeling jittery and nervous and that, upon listening to the music, they felt less of these feelings. This decrease in anxiety, nervousness, and jitteriness wasn't felt immediately upon listening to the music by all patients; many said that it was listening to the music for a prolonged duration that that they believed helped them. In essence, the calming effects of the music were progressive and not necessarily immediate. For most patients the music did not trigger thoughts or emotions but helped them relax
During the interview, patients were asked what type of thoughts or feelings were evoked when listening to the music. Nearly all of the patients were unable to respond to this question without being prompted. The interviewer then gave choices of whether the music evoked happy and cheerful thoughts or sad and melancholy thoughts. When given these options, the majority of subjects responded that thoughts were definitely not sad, melancholy or negative. However, they did not say that thoughts were necessarily positive nor happy either. Most patients reflected that their thoughts were neutral. Some patients explained that instead of thoughts, feelings, or moods evoked by the music, often the music brought back memories from their past. One individual reflected that his days of learning the piano were brought back to him and when asked how this made him feel, he replied that it was positive. Another subject said that she relived memories of a music appreciation course she took in university which she greatly enjoyed.
The majority of patients were able to hear a violin in the music. For those who were unable to say which instrument they heard the most, they were able to respond that they remembered hearing many string instruments Of all 29 patients interviewed, a few said that they didn't recall anything about the music or the types of instruments which were played in their songs at all. This was largely due to the fact that these patients were well-sedated and almost asleep. When woken up for brain mapping, it took these patients a little longer to respond to the surgeon's requests. There were also a few patients who remembered hearing the music before, during and after the surgery but couldn't recall specifically what type of instruments were played. When prompted to think about a category of instruments, almost all of these subjects said they heard string instruments playing. Others said they recalled orchestral instruments. Many subjects were able to pinpoint specific instruments they had heard -the instrument that was most frequently recalled by subjects was the violin, closely followed by the piano.
Many would've liked to pick their own music if they were to undergo the procedure again while others felt the music chosen for them was acceptable
Subjects were asked what they thought of the music and would they have chosen differently if allowed to. Nearly half of the subjects responded that they would like their own music. Patients said their own music would help them feel less nervous, partially because of the familiarity of the music; since they would be choosing music they like and frequently listen to, they would be more in-touch with the surroundings and therefore feel more at ease and calm. One individual commented that the music he received, although he was grateful for it, was "boring" and that having his own music would have given him something else to focus on during the surgery. Subjects who expressed that they would not want to select their own music said it was because they were afraid that later, after the surgery, they would associate those songs with the surgery and that this would not be very pleasant for them. Some also said that they would not have chosen music which had the same calming and relaxing effect as the music they were given and that this would not have helped them during their procedures.
In selecting two pieces that were preferred out of four, subjects either chose both of the major key or minor key pieces, not a combination of both During the interview patients listened to a one minute duration of four pieces, first, Rhythm of the Rain by Richard Clayderman, second, Adagio in G Minor by Tomaso Albinoni, third, Barber of This interview is intended to explore your perceptions about the music that was provided to you before, during, and after your awake craniotomy and/or to discuss the overall experience you had with your surgery. Your input is important to us and will help us do a better job.
INTERVIEW PROPER:
1. How were you feeling a week prior to your scheduled awake craniotomy? During this time, did you experience any feelings of fear, stress, anxiety, or tension? If so, did those feelings interfere with your normal daily activities? Tell me more about it. 2. Music was given to you before, during, and after your surgery -did the music affect you in any way during this time period? If so, in what way(s) did the music have an effect on you? For instance, did you feel more at ease, or perhaps, feel a particular emotion while listening to the music? Tell me more about your experience. 3. Your surgery was done while you were awake/under light sedation. What do you remember from the surgery? Did you feel any pain and/or discomfort? Did you have any feelings of fear, stress, anxiety, or tension during the surgery? Tell me more about it. 4. Various themes of music can evoke different emotions in individuals; the kind of music we had given you -did it trigger any pleasant/happy or melancholy/sad thoughts? What mood did you think the music expressed? Tell me more. 5. Do you recall hearing the types of instruments that were being played during the selections? If so, which instrument(s) were you able to hear/pick out? 6. How did you feel about the selection of music that was provided to you during your stay? Were you satisfied with the pieces? If you were allowed to choose your own music, would you have chosen something different from what we had given you? 7. If we can turn back time, would you still agree to being given music at all three points during your hospital stay (i.e., before, during, and after the awake craniotomy)? What are your thoughts on this? Tell me more. 8. Were you satisfied with your overall hospital experience? Please explain. (Do you think listening to music would have enhanced your experience in any way had you been given this opportunity?) Tell me more about it. 9. Since your discharge, how have you been feeling about your recovery process so far? Have you experienced any feelings of fear, stress, anxiety, or tension during this time? Have you been able to resume to your normal daily activities? Tell me more. 10. Do you have any suggestions as to how we can improve the whole surgical experience for the patient? 11. Is there anything else you would like to add?
These were the questions that patients were asked post surgery. Answers to these questions were used to provide thematic analysis through open and axial coding.
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Seville Overture by Giochino Rossini and lastly, Bradenburg Concerto No. 1 in F Major, BWV 1046 Adagio by J.S. Bach. The first and third pieces were major key pieces and the second and fourth were minor key pieces. When asked to select two pieces they felt would help them better alleviate their fear/stress/anxiety/nervousness and which they would prefer listening to during the surgery, all subjects either chose the major key or minor key pieces. None of the subjects chose one major key and one minor key piece.
The subjects who preferred the major key pieces did so because of the feelings the music evoked Of the subjects who chose the major key pieces, it was because these sounded more happy and up-beat. They evoked light and cheerful moods and feelings in most of the patients and these were the type of emotions that they wanted to have evoked during their surgical procedure. In thinking about the other two pieces, subjects said that these were discounted because they seemed sad, melancholy and like funeral marches to them. A few patients concluded that they would take the positive, happy feelings, emotions and moods over the sad and dark ones.
The subjects who preferred minor key pieces did so because of the rhythm and tempo of the music Just a little less than half of the subjects preferred the two minor key music pieces better than the major key ones when selecting for those best to help alleviate unwanted anxiety. Patients said they preferred these pieces because they were slower and steadier and less up-beat and fast-paced. This helped them relax and settle into a calmer mood. They commented that the faster tempo pieces were not ideal in helping them calm down.
Subjects gave different opinions of minor key music during the surgery compared to responses to those pieces played during the interview During the interview, patients who had listened to minor key music during their surgery said that the music wasn't sad or melancholy nor did it evoke any thoughts or feelings along these lines. These subjects also did not state that the music was happy either. In fact, most were neutral regarding their thoughts on the tone of music that they had heard. However, of these subjects, those who had chosen the major key pieces (excerpts from songs two and four of the four pieces played to them) were able to accurately say that the minor key pieces were sad and solemn.
The subjects who preferred the minor key pieces, may have subliminally thought this as well but reflected that they chose these pieces largely due to speed and not mood. This relationship was not found in patients who had listened to major key music during the day of surgery.
Overall, patients liked having the music to listen to
While there were patients who did not want the music in the pre-operative and post-operative stages and also those who said they would have enjoyed the music more if it had been of their own selection, the large majority of subjects were glad they had music to listen to. None of the patients stated any negative or adverse reaction to the music nor stated that they did not enjoy the music. There was no significant difference between the two groups in regards to whether they liked the music or not overall.
The patients who remembered listening to music before, during and after their awake cranial surgery reported that the music had a positive effect on their whole experience. This was attributed to the fact that having the music made the surgery much less stressful and anxiety-producing. Patients said they were able to look upon their whole experience in a much more positive light because of the fact that the surgery went so well and they felt much more relaxed and at ease than they had anticipated. When pondering why they felt so positive, nearly every patient attributed this to two factors: simply having music to listen to and because they had so much confidence in the surgical team. Only two patients reflected that the music didn't really impact their experience in either a positive or negative manner. They felt that it was more about knowing what was to come, the comfort given to them by the nurses, and the confidence they held in the surgical team which was more important to them than the music. None of the subjects reflected that the music had impacted them, even slightly, in a negative manner.
Many patients suggested that music should always be an option for every awake surgery, not just for study purposes One of the last questions that patients were asked as a part of their interview was what type of suggestions they would make to improve the whole surgical experience. Most patients said they were satisfied with how their surgery had played out and had no other suggestions. However, over one third of the patients suggested that music should be implemented in every awake surgery since they thought it had helped them so much. These individuals explained that all patients should have the opportunity to listen to music if they want, whether their own or selected for them. They felt the important thing was that there be something to listen to in an otherwise stressful procedure.
DISCUSSION
Awake cranial surgery can be stressful and anxiety-producing for some patients. Even patients who have had previous brain surgeries, whether in awake or general anesthetic conditions, are likely to be just as nervous for future procedures. 19 Keeping the patient calm, steady, and relaxed during these procedures is important for patients and surgeons alike. When patients on the table begin moving or are unable to keep calm, the surgical team must wait till the patient has stabilized; the surgery takes longer than anticipated. Furthermore, studies have shown that adverse effects related to anxiety and stress negatively impact patient recovery in both a physical and psychological manner. 3 Therefore, it is in everyone's best interest to ensure that patients are as relaxed and stress-free as possible, especially before and during the surgery. While many studies have investigated different means by which to keep patients in optimal condition, few studies have looked at the impact of music before, during, and after surgery. To our knowledge, no studies have investigated this relationship at all three time points during an awake craniotomy procedure. The present qualitative study allowed us to examine the effects of music and tonality on patients undergoing awake cranial surgery.
Overall, patients strongly expressed preference towards being given music to listen to, starting pre-operatively, continuing throughout the surgery and ending after being in the PACU for nearly 30 minutes. The music was described as being calming, soothing, and relaxing. Patients said it distracted them from thinking negatively or feeling anxious and jittery. Music has been reported previously in clinical settings to have profound physiological effects in the pre-operative stage. Previous studies have found significant decreases in heart rate, systolic blood pressure, diastolic blood pressure, mean arterial blood pressure, respiratory rate, myocardial oxygen demand, use of morphine sulfate, psychological distress, and anxiety, and happier emotional state or mood when patients are given music to listen to in a variety of surgical procedures. 31 In correlating such psychological and physiological quantitative data with the qualitative responses received in the present study, it can be stated that some types of music indeed have a relaxing, anxiety decreasing and calming effect on patients undergoing awake surgery. Patients explained that they believed the music helped them because it offered an outlet for them. Should they not have received the music, the only option was to lie on the table listening to the conversations surrounding them or thinking about what was happening. Having the music to listen to, despite the fact that most patients never listened to classical, non-lyrical music for leisure, gave subjects a distraction and something to think about.
Some patients expressed not wanting to listen to the music in the pre-operative and/or post-operative stage. There were a variety of reasons why this was the case. Many studies have stated that the pre-operative period is the time of greatest stress and anxiety experienced by the patient. 13, 29, 37 The music distracted patients from speaking with their doctors and family members. Patients felt it was really important to speak to family at this time point since they were unsure of the outcomes in such a major surgery and wanted to spend the most time possible together while they had a chance. After surgery, the music was sometimes annoying and frustrating to patients who experienced headaches. At other times, patients reflected that they just wanted peace and quiet and the music interfered with this. While the music was helpful during the surgery, before and after, some of the patients had other priorities with which, they believed, the music interfered.
It seemed slightly surprising that subjects weren't able to attribute the kinds of thoughts or emotions the music evoked.
Even when prompted with leading questions, subjects were not quick to agree or disagree to a prompt. It was clear that the majority of the subjects enjoyed the music even if not during all time points. However, when asked if this was due to any positive feelings, moods, or emotions they were unable to respond. It is not clear why this is the case, however, one speculation is that patients intentionally tried not to think about how they felt about the music. Waiting to go into a potentially life changing surgery, lying awake on an operating table or having emerged from a major surgery are all situations in which it is safe to say one is flooded with thoughts, emotions, and moods. Perhaps the music was a way by which these overwhelming sensations were stopped. In essence, it could be that patients were simply listening to the music without consciously thinking or feeling as a way to stop feeling overwhelmed. If this is true, it may provide insight as to why patients were so satisfied with the music. Alternatively, while specific moods and thoughts evoked by the music could not be recounted, some patients did reflect that the music stirred up pleasant memories. Thus it can be hypothesized that, in these cases, the memories brought forth by the music evoked certain moods and thoughts and patients may have linked them to the memories and not the music.
Another interesting aspect to consider is that patients chose either the major key or the minor key compositions to listen to when asked (in Question 6 of the post-operative interview) to pick two selections of the given four (Table 4) . Although there were patients who liked one or both of the other pieces that they did not select, none of the subjects felt as strongly about those in comparison to the two they had selected. The majority of patients (just over half) preferred both of the major key pieces while the remainder indicated they would choose the minor key pieces. Major keys are generally perceived as happy and joyful (especially in Western cultures) while minor keys are noted to be sad and glum. 5 Minor key music is speculated to be perceived this way because of cultural conditioning. 8 When asked to express sadness in their voices, psychological studies show that the majority of peoples' sound melodies and intonation follow a minor third interval. These results are also shown by speakers of other non-Western languages and even from tribes who have not been exposed to Western culture at all. 4 This, and other examples, indicate that the human brain is hardwired to associate minor keys with negative and sad themes. If this is true, then it is counterintuitive that just less than half of the subjects in this study actually preferred wanting to listen to minor key music over the pieces composed in major key.
Psychological studies in the past decade have found that, in general, people tend to prefer minor key music. 8 While this is peculiar, aspects other than tonality should be taken into consideration. When other aspects of music like tempo are factored in, the reasons for this counterintuitive occurrence start to seem more logical. In Question 6 (Table 4) , we found that subjects preferred major key music on the basis of tonality and minor key music when evaluating based on suitable tempo. Therefore a likely explanation may be that while the minor key pieces may indeed have sounded more melancholy, subjects were choosing based on other criteria, like speed, and may have discounted tone when selecting. The patients who selected minor key music mostly reasoned their choice based on liking the slow movement and speed of the songs when compared to the faster and up-beat major key songs. Alternatively, it could also be that since the music was non-lyrical in nature and unfamiliar in genre compared to what most patients normally listened to, it would have been more difficult for the untrained ear to hear differences in tone. This is supported by the fact that patients gave different opinions of the music when listening on surgery day in comparison to listening during the interview. When patients who had listened to minor key music were asked what kind of thoughts and emotions the music reflected, the majority said that they were definitely not sad but were unable to pinpoint if they were happy or neutral. However, when two of the same pieces were played to them again and they were prompted to chose two of the four and be ready to explain why and how they had come about their selection, patients became more aware of tone of composition. Therefore, it may very well be the case that patients use many cues when choosing music they prefer and not just those most obvious.
The two most common suggestions that patients made were: (1) give everyone a choice to have music to listen to during surgery; and (2) let patients pick their own music. While the vast majority of patients did not have any suggestions to make, people were satisfied in general to receive the music therapy. Only if patients were content with having a musical intervention would they suggest that it should be mandatory to ask patients if they wanted to listen to music during their procedure. One patient said she had already asked nurses if she was allowed to have noise dampening earplugs inserted for the duration of the surgery to escape having to listen to conversation between the staff during surgery, which has indeed been shown to be unsettling to patients. 39 In suggesting that patients be able to choose their own music, it can be interpreted that patients reacted positively to receiving the music and that they thought that should they have been able to choose music of their own preference, they would be more than satisfied.
CONCLUSION
This study aimed to determine the effects music and, more specifically, its tonality in regards to major and minor key divisions during the pre-operative, peri-operative, and post-operative periods of an awake craniotomy. Modified thematic analysis of patients' responses during a post-operative open-ended interview showed that, overall, patients were satisfied with the musical therapy they received and thought that it should be continued for all patients if the subjects wished so. The music helped patients feel relaxed and at ease and this was largely because it provided a distraction from the sounds and feelings they were experiencing while on the surgical table. Patients, overall, were satisfied with the non-lyrical major and minor key instrumental pieces they listened to. Patients did not seem to significantly prefer one key over the other when asked in their interview what they would prefer to listen to in order to alleviate stress, anxiety and fear.
Since one of the major themes emerging from this analysis was that patients liked to have music intervention because it provided a distraction from their personal thoughts and the sounds of the operating room, other aspects of audio distraction may also have potential. In the future, having patients listen to a short narrative, excerpt or chapter from a longer story should be investigated. When listening to narratives, subjects would have to follow the plot events, characters' names and personalities, setting and other aspects to be able to follow along with the story. This may be beneficial as it could prove better at preventing subjects from thinking about unpleasant or anxiety-producing ideas than background music would. In essence, the better the distraction, the better the satisfaction that patients would feel towards their surgical procedures.
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